morbidity, mortality and cost (1, 3, 21), posing a major threat to the well-being of post-surgical patients.
Geubbels et al. observed that the risk of infection was reduced for patients who had an operation during the fourth surveillance year and decreased further for patients undergone surgery during the fifth surveillance year (6) . Surveillance has thus been widely accepted as the primary step towards effective prevention of SSIs (9) .
The occurrences of SSIs are determined by multiple exogenous and endogenous factors and influenced by the characteristics of the patient, operation, personnel, and hospital (10) . Therefore, one of the key components to any SSI prevention strategy should involve a multi-disciplinary approach and all relevant individuals should be committed equally to the process improvement as a team. Keeping the learnt lessons in mind, we conducted a multimodal SSI prevention program in a tertiary-care university-affiliated hospital over a 6-year period since 2008. In the present study, we aimed to determine whether the trend of SSI incidence did change or not following the implementation of the program.
█ MATERIAl and METhODS

Recruitment
This prospective study was conducted at the Neurosurgical Department of Tangdu Hospital, a hospital affiliated to the Fourth Military Medical University in Xi'an city of Shanxi province of China. Patients, admitted for cranial surgery between January 2008 and December 2013 were eligible for recruitment if they were aged more than 18 years, free from any intracranial infections at the time of their surgery and accompanied by relatives/friends who provided informed consent in favor of recruitment for the study. Patients who underwent diagnostic procedures only or endoscopic surgery, along with those who died within 48 hours from the time of surgery, were excluded. The study protocol was approved by the Institutional Ethics Committee of the Fourth Military Medical University.
Data Collection
SSIs were identified during postsurgical hospital stay or within 30 days following operation by post-discharge survey according to definition by the Centers for Disease Control and Prevention and National Healthcare Safety Network (CDC/NHSN) (11) . According to the criteria, SSIs were classified as: superficial, deep or organ/space infections. Surgical wound contamination potential was categorized as: clean, potentially contaminated or contaminated. In addition, patients' preoperative clinical conditions were assessed using the criterion proposed by the American Society of Anesthesiologists (ASA) score. The surgical wound was classified as: I (Clean), II (Clean-Contaminated), III (Contaminated) and IV (Dirty-Infected).
Two nurses, who were specifically trained for the surveillance on surgical site infections, were responsible for data collection. They were directly supervised by the principal investigator. Data concerning demographic information, potential risk factors and surgical indications were noted from medical records. Regarding information about SSI, parameters including the interval between date of surgery, SSI report and place of diagnosis (during hospitalization or after discharge) were obtained.
During hospitalization, the two designated nurses performed daily active surveillance for SSIs among the recruited patients. The diagnoses were finally confirmed by the attending neurosurgeon. Post-discharge surveillance was performed through telephone interviews 30-35 days after surgery. The patients were asked to describe the incision site in details, including whether there were any signs of temperature, redness, dehiscence and pus collection in the surgical wound along with any secretion thereof, if present, its color, location and quantity. Each case was then assessed by attending surgeons and if necessary, by the team of assistants. Cases highly suspected to be suffering from SSIs, were then asked to return to hospital for further examination and treatment.
SSI Prevention Program
A multidisciplinary team, comprised of senior medical personnel and nursing staff, department administrators and one epidemiologist, was set up in 2008, in the said department, taking the responsibility for providing review and guidance for the program operations, strategies and plan for SSI prevention. A campaign has been promoted by the team to ensure proper implementation of a series of measures. For all the attending surgeons and nursing staff, getting involved in this campaign and abiding by the supervision system, were mandatory.
Initially, the medical and nursing staffs were provided with a multi-component educational training focusing on risk identification, assessment and management strategies, through regular seminars, workshops, dissemination of guidelines, posters and leaflets. Additionally, patients and caregivers were also informed about SSI prevention strategies through printed materials and verbal discussions. The method of assessment of SSIs were standardized and reinforced. The attending medical surgeons and nurses were required to review all healthcare procedures involving these cases and possible risk factors were identified through discussion and evaluation.
Workshops and symposiums followed next to ensure adequate implementation of prevention strategies including proper hand-washing, judicious administration of appropriate antibiotics, aseptic draping and dressing including hair removal and proper skin preparation of the operative site.
Statistical Analysis
Statistical analyses were performed using the Statistical Analysis System (SAS) (version 8.2). Variables were described by frequencies for categorical variable and mean ± standard deviation (SD) for continuous variables. The variations of SSI rate and SSI-associated risk factors over the follow-up years were analyzed using Cochran-Armitage trend test. Comparison of variables between SSI positive group and negative group was conducted using x 2 test for categorical variables and student-t test was used for continuous variables. A P-value≤0.05 was considered statistically significant.
█ RESUlTS
Over a period of 6 years from January 2008 to December 2013, a total of 3042 patients fulfilled the inclusion criteria and were enrolled into the study. The mean age of the patients was 48.4 years and 58.0% of all cases were male. Among patients, 38.0% underwent emergency operations and 62.0% had elective surgeries. 38.2% were classified as ASA1 while 61.8% were ASA2 or above. The detailed distribution of the other socio-demographic and surgical factors among the patients across the years (2008-13) was presented in Table  I . The distribution of mean age, gender, use of surgical drain, wound type and ASA score did not change significantly over years during the study period. However, the proportion of patients having undergone emergency operations (z=4.37, p<0.01) consistently increased over time. 
█ DISCUSSION
Despite the improvement in medical techniques and advances in infection control practices, SSI remains a substantial cause for mortality and morbidity among postoperative patients. In the present study, we analyzed the annual incidence of SSI during 2008 to 2013 in the Neurosurgery Department of Tangdu Hospital in Xi'an city of Shanxi province of China, using prospectively collected data through comprehensive active surveillance. We observed a clear downward trend in the annual incidence rate of SSI (from 6.21% in 2008 to 2.28% in 2013) during the study period resulting from the SSI prevention program. To our knowledge, this is the first prospectively studied evaluation of an SSI prevention program in China.
Based on the prior observations, the reported SSI incidence rate among neurosurgical patients had ranged from 1.25% to 17% without prophylactic antibiotics and 0.3% to 3.0% with prophylactic antibiotics (3, 12, 15, 17, 28 ). An acceptable range of annual incidence rate of SSIs, as Haines suggested, should be less than 5% (8) . In the current study, the proportion in the first two years during the studied period were slightly higher of SSI (4, 5). In the National SSI surveillance in Italy, Marchi et al. observed that operations in hospitals with at least two years of surveillance showed a 29% lower risk of SSI (19) . Similarly, Rioux et al. observed that the crude SSI incidence decreased from 3.8% to 1.7% after 6-year surveillance in hospitals in Northern France (25) . In the present study, although the independent influence of the SSI surveillance and prevention program on observed decrease in SSI rates over time could not be demonstrated, we still could validly assume that, in light of previous studies, active surveillance is a strong approach to reduce SSI risk.
than 5%, however, they were within the acceptable range in the following years and far lower than the most previous reports. The overall SSI incidence rate in 3042 eligible patients was 3.68%, which was also within the acceptable range. This suggested that, although not all SSIs were preventable, feasible measures could substantially reduce the risk of SSIs.
Surveillance of SSIs has been an effective component of strategies to reduce the SSI risk. Feedback of SSI data to practicing surgeons has been shown, in multiple studies, to be associated with substantial reduction in the annual incidence Finally, detection and diagnosis of SSI in the current study were mainly based on self-reporting, hence detection/ reporting bias was inevitable. This could be one of the reasons why the observed burden of SSI was lower in our study than others. Some infections, like superficial SSI, might have gone unnoticed and thus under-reported. Direct observation of surgical sites by trained professionals, as proposed by Smyth et al., is the most accurate method to detect SSI (26) . However, this was not possible, given the extensive requirement of human and financial resources. On the other hand, as suggested by Mitt et al. (22) , some patients might have confused serous discharge with pus, resulting in overestimation. In the current study, patients having conditions highly suspected to be SSIs were asked to return to hospital for further examination and treatment. This approach might have minimized the aforementioned probability.
█ CONClUSION
Based on our observations we could conclude that there was a significant decreasing trend in annual incidence rate of SSIs following a multimodal infection control program in the Neurosurgical Department of a tertiary care hospital in Xi'an, China. Continuous surveillance also seemed necessary for the development of evidence-based prevention principles and also as a powerful tool for SSI prevention. Simultaneously, mandatory training of medical and nursing staff should be encouraged to improve the surveillance system and the compliance rate. Previous studies identified that a number of patient-related and surgical factors were associated with the increased risk of SSI (3, 14, 16) . Our data also did show that SSIs were more likely to occur in patients with older age, undergoing emergency operations, having higher ASA classification, clean contaminated wound or above, and with use of drain. Timely feedback to medical personnel, nursing staff, and caregivers regarding these factors and adverse health events, was helpful to enable them to take appropriate actions (2). To achieve this, we carried out a multimodal educational program. Measures like root cause analysis for severe infections, extensive education of medical and nursing staff on standardization of prevention practices and routine review of compliance rate were implemented. As a result, the SSI burden showed a significant decreasing trend, demonstrating the beneficial role of multimodal educational approaches in controlling SSI.
In any SSI prevention program, as studies indicated, the involvement and commitment of medical and nursing staff was not only desirable but also essential (2, 3). However, various factors might have substantial impacted on the adherence rate, including lack of awareness of available principles, absence of training, individual preferences and influence from colleagues. Failure to comply with the standard of care had frequently been reported (20, 23, 27) . In our program, all attending surgeons and nursing staff were mandatorily required to be involved in the SSI prevention campaign and abide by the supervision system. Continuous assessment and monitoring of compliance were conducted routinely since the implementation of the educational program. This could also have played a significant role in the reduction of SSI during the study period. Therefore, it seemed necessary to integrate compliance rate surveillance into the SSI prevention strategies.
There were some limitations in our study. First, we could not control for some potentially influencing factors while analyzing the trend of change in SSI incidence rate across years. This might have resulted in some residual confounding, since the distribution of factors like surgeries conducted in emergency, likely to be associated with increased SSI risk, showed a significant increasing trend over the studied years. This could potentially have resulted in underestimation of the decreasing trend of SSI as well as the effectiveness of the intervention program.
Second, in the present study, post-discharge surveillance was mainly based on telephone conversations, owing to its low resource-intensive nature and high compliance rate. However, this might have introduced some information bias as a few of the SSIs could be under-reported. To reduce this bias, the ideal methodology should, as studies pointed out, have a high follow-up rate, be cost-effective and have high sensitivity and specificity (24, 26) . In our study, the follow-up was higher than 90% in each surveillance year, which was similar to that in previous studies. Meanwhile, the telephone interviews were conducted by trained professionals, who asked objective unambiguous questions. Hence we believe that the potential for information bias was low in our study.
